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Background: Comparison of the associations of maternal and mother’s partner smoking with offspring
outcomes is, in theory, a useful method for assessing whether there may be an intrauterine effect of
tobacco exposure on these outcomes. However, this approach assumes that the effects of passive smoking
from exposure to partner smoking during pregnancy are minimal. We evaluated this assumption using
a biochemical measure of tobacco exposure in pregnant women.
Methods: Cotinine levels taken during the ﬁrst trimester of pregnancy were measured in a sample of
3928 women from the Avon Longitudinal Study of Parents and Children. Median cotinine values were
compared across categories of smoking heaviness (cigarettes per day) of the women during the ﬁrst
trimester and in non-smoking women by the smoking heaviness of their partner.
Results: Cotinine levels were substantially higher in women who smoked compared to non-smokers
(range of medians across smoking heaviness categories: 900–5362ng/ml versus 20ng/ml, interquar-
tile range (IQR) (0–63) for non-smokers). In contrast, cotinine levels in non-smoking women were only
very weakly related to partner smoking status (range of medians in women with smoking partners:
34–69ng/ml versus 12ng/ml, IQR (0–48) in women with non-smoking partners).
Conclusions: Levels of tobacco exposure from partner smoking, as assessed by cotinine, were low in non-
smoking pregnant women. This suggests that using mother’s partner’s smoking as a negative control for
investigating intrauterine effects is valid.
ublis© 2014 The Authors. P
. Introduction
Maternal smoking during pregnancy has been associated with a
ange of adverse outcomes in offspring including decreased off-
pring birth weight (Tyrrell et al., 2012), lower language ability
Key et al., 2007), developmental delays, a reduction in intellec-
ual ability (Butler and Goldstei, 1973), lower levels of executive
unction (Piper and Corbett, 2012), and higher rates of attention
nd behavioural problems (Agrawal et al., 2010; Roza et al., 2009;
 Supplementary material can be found by accessing the online version of this
aper. Please see Appendix A for more information.
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376-8716/© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open accesshed by Elsevier Ireland Ltd. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/3.0/).
Stene-Larsen et al., 2009; Hutchinson et al., 2010; Nomura et al.,
2010; Wakschlag et al., 2006). In addition, offspring of mothers
who smoked during pregnancy have been shown to have greater
risk of substance use and dependence in adolescence and adult-
hood (Nomura et al., 2011; Monshouwer et al., 2011; Lawlor et al.,
2005; Al Mamun et al., 2006; Buka et al., 2003; Kandel et al., 1994;
Munafò et al., 2006; Roberts et al., 2005).
However, the observed relationship between smoking during
pregnancy and offspring outcomes may not be causal but instead
due to confounding, and isolating the speciﬁc causal effects of
intrauterine exposure (as opposed to the effects of parental smok-
ing behaviour in childhood and adolescence) can be difﬁcult. One
solution is to compare the effects of smoking during pregnancy to a
negative control, where no association would be expected (Davey
Smith, 2008, 2012). In the case of maternal smoking during preg-
nancy, this can be done by comparing associations of maternal and
article under the CC BY license (http://creativecommons.org/licenses/by/3.0/).
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Cotinine levels were considerably higher in smoking mothers
across all levels of heaviness of smoking (medians 900–5362ng/ml)
compared to non-smoking mothers (median 20ng/ml, IQR 0 to60 A.E. Taylor et al. / Drug and Alco
he mother’s partner’s smoking during pregnancy with offspring
utcomes, using mother’s partner’s smoking as a negative control.
f there were an intrauterine effect of tobacco exposure, we would
xpect associations between maternal smoking and offspring out-
omes to be stronger than associations between partner smoking
nd offspring outcomes (Davey Smith, 2008). If effects are of sim-
lar magnitude, this suggests that associations between maternal
moking during pregnancy and offspring outcomes are due to con-
ounding, either by shared environmental or genetic factors, which
ay themselves be causal factors (Davey Smith, 2008), or due to
causal inﬂuence operating outside of pregnancy, such as the off-
pring modelling smoking behaviour in childhood and adolescence
Gilman et al., 2009). This technique has been applied previously
o investigate the effects of smoking during pregnancy on offspring
irth weight, blood pressure, trajectories of height and adiposity,
ffspring smoking initiation and attention deﬁcit hyperactivity dis-
rder (Brion et al., 2007; Howe et al., 2012; Taylor et al., 2014;
angley et al., 2012). Importantly, the validity of the negative con-
rol method may depend on the nature of the offspring behaviour
easured, and the time between intrauterine exposure and mea-
urement of the offspring behaviour.
A key assumption of the negative control method is that the
iological effects of partner smoking on intrauterine exposure are
egligible compared to those of active maternal smoking. How-
ver, it is plausible that this is not the case; several studies have
emonstrated that environmental exposure to tobacco smoke is
etectable in pregnant women through assessment of cotinine, a
iochemical measure of tobacco exposure (Kvalvik et al., 2012;
ordanov, 1990; Rebagliato et al., 1995). Furthermore, in a recent
tudy, partner smoking was found to be the source of tobacco
xposure most strongly associated with cotinine levels in non-
moking pregnant women (Aurrekoetxea et al., 2014). Given the
otential promise of negative control methods to assess the causal
ffects of intrauterine tobacco exposure, we aimed to compare
evels of cotinine in pregnant smokers and non-smokers and to
xplore the association of maternal cotinine with partner smoking
ehaviour in the Avon Longitudinal Study of Parents and Children
ALSPAC).
. Methods
.1. Study population
ALSPAC is a prospective cohort study which recruited 14,541
regnant women living in Avon, United Kingdom with expected
ates of delivery between 1st April, 1991 and 31st December,
992. These pregnancies resulted in 14,062 live births and 13,988
hildren who were alive at one year of age. Full details of the
ecruitment process have been published previously (Boyd et al.,
013; Fraser et al., 2013). Since enrolment, detailed information
n the children, mothers and their partners has been collected
ia postal questionnaires and clinic visits. Please note that the
tudy website contains details of all the data that are available
hrough a fully searchable data dictionary (http://www.bristol.
c.uk/alspac/researchers/data-access/data-dictionary/). Ethics
pproval for the study was obtained from the ALSPAC Ethics and
aw Committee and the Local Research Ethics Committee.
.2. Measures
Mothers provided information about their smoking status dur-
ng the ﬁrst trimester of pregnancy in a questionnaire administered
t 18 weeks gestation. Mothers were asked if they smoked reg-
larly (cigarettes, pipe, cigar or other) and the number smoked
er day. Mothers’ partners also provided information on theirpendence 139 (2014) 159–163
smoking status and heaviness at the start of pregnancy in a ques-
tionnaire administered at 18 weeks gestation. In addition, mothers
were asked about their partner’s current smoking at 18 weeks
gestation. The correlation between partner self-report of smoking
heaviness and maternal report of partner smoking heaviness was
high (r=0.89, r=0.75 if restricted to smokers). A list of the smok-
ing questions asked is provided in the supplementary material.1
Information on demographic characteristics of participants was
obtained from questionnaires administered during pregnancy.
Cotinine levels (ng/ml)were assessed fromasingleurine sample
taken during the ﬁrst trimester of pregnancy. For most moth-
ers the samples were collected as part of routine clinical care
but some samples were obtained speciﬁcally for ALSPAC. Urine
samples were stored at −20 ◦C and allowed to thaw at room tem-
perature before use. Cotinine levels (expressed as nanograms per
millilitre of serum)weremeasured induplicate by theCozart Cotin-
ine Enzyme Immunoassay (Concateno UK, Abingdon) serum kit
(M155B1). Absorbance was measured spectrophotometrically at a
wavelength of 450nm. Samples were diluted using cotinine-free
serum (foetal calf serum) if required.
2.3. Statistical analysis
Analyses were restricted to non-smokers and cigarette smok-
ers who had measured cotinine data. Mothers and partners only
reporting pipe, cigar or other types of smoking were excluded.
Cotinine data were strongly right skewed. Medians and interquar-
tile ranges (IQR) of cotinine were calculated for all mothers
stratiﬁed by their self-reported smoking status (non-smokers, 1–4,
5–9, 10–14, 15–19, 20–24, 25–29 and 30+ cigarettes per day).
Within mothers who reported being a non-smoker during the ﬁrst
trimester of pregnancy, medians and interquartile ranges of cotin-
ine were calculated stratiﬁed by: (1) partner self-report of smoking
status at the start of pregnancy, and (2) maternal report of part-
ner smoking at 18 weeks gestation. All analyses were conducted in
Stata (version 11).
3. Results
3.1. Characteristics of participants
The ﬁnal sample for analysis consisted of 3928 non-smoking
and cigarette smoking women during the ﬁrst trimester of preg-
nancy (see Fig. S1 in supplementary material for a ﬂowchart of the
analysis sample2). Mothers included in the analyses reported in
>98% cases that their current partnerwas the father of their unborn
child. According to self-reports of marital status at 12 weeks gesta-
tion, 80% of mothers and 84% of partners were married. Although
there was some statistical evidence of differences between ALSPAC
participantswith andwithoutmaternal cotinine data in age, educa-
tional attainment and maternal smoking, the absolute magnitude
of these differences was small. The characteristics of partici-
pants with and without cotinine data available are presented in
Table 1.
3.2. Cotinine levels in smoking and non-smoking mothers1 Supplementary material can be found by accessing the online version of this
paper. Please see Appendix A for more information.
2 Supplementary material can be found by accessing the online version of this
paper. Please see Appendix A for more information.
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Table 1
Comparison of samples with and without maternal cotinine data in ALSPAC.
Maternal cotinine data available P-valueb
Yes No
Mean SD Mean SD
Maternal age (years)a 28.2 (4.8) 27.6 (5.0) <0.001
N % N %
Maternal educationc <0.001
CSE 670 (17.6) 1783 (21.4)
Vocational 363 (9.5) 835 (10.0)
O level 1360 (35.7) 2833 (34.1)
A level 902 (23.7) 1812 (21.8)
Degree 510 (13.4) 1053 (12.7)
Socioeconomic positiond 0.19
I 369 (10.8) 807 (11.1)
II 1193 (34.7) 2437 (33.7)
III (non-manual) 395 (11.5) 756 (10.4)
III (manual) 1067 (31.1) 2298 (31.7)
IV 326 (9.5) 724 (10.0)
V 84 (2.5) 221 (3.1)
Maternal smokinge <0.001
None 3099 (78.9) 6588 (74.0)
1–4 195 (5.0) 482 (5.4)
5–9 199 (5.1) 517 (5.8)
10–14 205 (5.2) 570 (6.4)
15–19 113 (2.9) 379 (4.3)
20–24 87 (2.2) 265 (3.0)
25+ 30 (0.8) 104 (1.2)
Partner smokinge,f 0.12
None 1867 (68.8) 3839 (65.7)
1–4 82 (3.0) 178 (3.1)
5–9 92 (3.4) 220 (3.8)
10–14 163 (6.0) 353 (6.0)
15–19 196 (7.2) 452 (7.7)
20–24 207 (7.6) 511 (8.8)
25–29 52 (1.9) 149 (2.6)
30+ 53 (2.0) 139 (2.4)
a N for maternal age analyses 3946 with cotinine data and 8982 without cotinine
data.
b P-values from chi square test for categorical variables and t-test for continuous
variables.
c CSE, vocational and O-level are qualiﬁcations taken at 16 years and A-levels
are examinations taken at 18 years. Qualiﬁcations are listed in ascending order of
educational attainment.
d Classiﬁcation of socioeconomic position based on partner’s occupation accord-
ing to United Kingdom Ofﬁce of Population Census and Surveys (OPCS), with I
representing the highest socioeconomic position. Details of these classiﬁcations in
ALSPAC have been reported previously (Farrow et al., 1998).
e Cigarette smoking only. Excludes cigar, pipe and other smokers.
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3). Cotinine levels increased in a roughly linear manner with
elf-reported heaviness of smoking. Among non-smoking mothers,
edian cotinine levels in mothers with smoking partners ranged
rom 34 to 69ng/ml (where partner self-report of smoking was
sed) and from 33 to 71ng/m (where mother report of partner
moking was used), irrespective of heaviness of partner smok-
ng. These were only slightly higher than levels in mothers with
on-smoking partners (median 12ng/ml, IQR 0–48 where part-
er self-report of smoking used; median 13ng/ml, IQR 0–50 where
other report of partner smoking used). These results are reported
n Table 2.
The results of linear regression analyses (presented in supple-
entary material) indicated a dose-response relationship between
oth maternal and partner smoking heaviness and maternal cotin-
ne levels. However, the strength of the association between active
moking and maternal cotinine was an order of magnitude higher
han for partner smoking and maternal cotinine in non-smoking
others. Ta
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. Discussion
Our results conﬁrm that the levels of cotinine present in
on-smoking mothers with smoking partners are two orders of
agnitude lower than the levels present in smoking mothers.
he clear difference in tobacco exposure between active smoking
others and non-smoking mothers potentially exposed to pas-
ive smoking supports the assumption of negative control that the
ffects of passive smoking from exposure to partner smoking dur-
ng pregnancy are likely to be minimal in comparison to active
moking.
There are some limitations to the data presented here. Cotin-
ne data were only available for the ﬁrst trimester of pregnancy
o these results may not be generalizable to the whole of preg-
ancy. In addition, we do not know how exposed the mothers
ere to passive smoking during the ﬁrst trimester if their part-
er smoked, or whether they might have been exposed to passive
moking fromotherhouseholdmembers at this time.Motherswere
sked about passive smoke exposure in a questionnaire adminis-
ered at 18 weeks gestation, and restricting analyses to mothers
eporting passive smoke exposure of ≥1h per day did not alter our
esults (data not shown). However, these results may not be gener-
lizable to populations with different patterns of passive smoking
xposure. Finally, these data were not speciﬁcally collected for the
urposes of answering this question and the analyses should be
nterpreted in this context.
We cannot exclude the possibility of a biological effect of
artner smoking on offspring outcomes. Environmental tobacco
moke (ETS) exposure (sometimes described as secondhand smoke
xposure or “passive smoking”) is acknowledged to have detrimen-
al health consequences, such as elevated risk for cardiovascular
isease, lung cancer, and respiratory disease (Royal-College-of-
hysicians, 2010), and therefore has biological effects. However, in
ur opinion it is implausible that these very low levels of exposure
ould have intrauterine effects comparable to those resulting from
he exposure levels associated with active smoking by the mother.
n other words, we can be conﬁdent that if similar associations
re observed between maternal and partner smoking and offspring
utcomes, this is most parsimoniously explained by residual con-
ounding rather than a direct causal effect of partner smoking on
oetal development.
Determining thecausalnatureofobservedassociationsbetween
xposures such as maternal smoking during pregnancy and off-
pringoutcomes, is critical if appropriate targeted interventions are
o be developed. A number of approaches to determining causality
xist, each with their own strengths and limitations. For exam-
le, Mendelian randomization leverages genetic associations with
nvironmental exposures while protecting against reverse causal-
ty and (under certain assumptions) confounding (Ebrahim and
avey Smith, 2008). The identiﬁcation of variants associated with
moking cessation, including during pregnancy, provides an oppor-
unity to implement this technique (Freathy et al., 2009; Munafò
t al., 2011), and this approach has been successfully applied to
stablish the effects of continuing to smoke during pregnancy on
ffspringbirthweight (Tyrrell et al., 2012).However, themagnitude
f the effects of common genetic variants on complex behaviour
utcomes such as smoking during pregnancy means that single
enetic variants are weak instruments. This means that large sam-
les are required, and these may be difﬁcult to obtain in practice.
herefore, the use of negative control may be a useful alternative.
We have shown, in a large population sample, that the asso-
iation of mother’s partner smoking with cotinine levels in
on-smoking pregnant mothers is small in comparison to the
ffects of active smoking. This conﬁrms the validity of using part-
er smoking during pregnancy as a negative control method for
nvestigating the effects of maternal smoking during pregnancy.pendence 139 (2014) 159–163
Where these data are available, this provides a potentially pow-
erful method for determining whether observed associations are
likely to be causal.
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